We consider the probability to nd a string of x adjacent parallel spins in the antiferromagnetic ground state of the model (in a magnetic eld). We derive a system of integro-di erence equations which de ne this probability. This system is completely integrable, it has Lax representation and a corresponding RiemannHilbert problem. The quantum correlation funtion is a -function of this system.
where the sum is over all integers j, are Pauli matrices and h is an external magnetic eld. This model was solved by Bethe 1] by explicit construction of eigenfunctions of the model. The corresponding Bethe Ansatz equations de ne the allowed spectrum of excitations over the ferromagnetic vacuum j """ : : :i which are characterized by complex valued rapidities . The antiferromagnetic ground state j0i is obtained by lling the sea of these excitations with real .
The case of nite magnetic eld h leading to a nonzero magnetization of the ground state was rst studied by Gri ths 2]. The energy of the excitiations above this ground state is given in terms of the solution of the following integral equation: ; "( ) = 0 : (1. 2)
The kernel of this integral equation is K( ; ) = 2= (1 + ( ? ) 2 ). The boundaries of integration are a function of the magnetic eld h through the requirement of vanishing " at these points. 2 is the size of the Fermi sphere in this model (in relativistic eld theory it can be compared with cut-o ). While the spectrum and thermodynamic properties of the model have been extracted from the Bethe Ansatz integral equations such as (1.2) correlation functions have not been computed: The reason for this is the complicated form of Bethe's original wave functions. However, within the Quantum Inverse Scattering method the Bethe Ansatz states are constructed within an algebraic framework which has been used successfully to compute correlation functions in systems such as the nonlinear Schr odinger model 3]. Within this approach three main steps have to be performed:
First, starting from the solution of the model by means of the algebraic Bethe Ansatz, the correlation functions have to be expressed as determinants of Fredholm integral operators, see formula (1.5).
Then a description of these determinants in terms of the solutions of certain integrable integro-di erence equations has to be found. These equations determine completely the correlation functions in question, see (2.6), (2.7). Fredholm determinant can be identi ed as a fredholm determinant of the Gelfand-Levitan-Marchenko integral operator of these equations evaluated on special solution (for de nition of Gelfand-Levitan-Marchenko integral operator see 4, 5] ).
The long distance asymptotics of the correlatiors can be obtained from the solution of a matrix Riemann-Hilbert problem related to these integro-di erence equations. The Riemann-Hilbert problem also provides an adequate parametrization of the space of the solutions for integro-di erence equations. It sould be noted that just this type of parametrization is most suitable for the asymptotic analysis of the integrable systems (see review paper 6]).
This means that quantum correlation function is a function (in a sense of 7]) of these integrodi erence equations. In order to de ne the correlation function that we are interested in we introduce the operators
projecting onto the state with spin up at site number j. In terms of these operators the correlation function that we study here is
The physical meaning of P(x) is the probability of nding a string of x (adjacent) parallel spins up (i.e. a piece of the ferromagnetic ground state) in the antiferromagnetic ground state j0i of the model (1.1) for a given value of the magnetic eld h. From a mathematical point of view this correlator turns out the simplest one to be considered (see 3]). Recently, the rst step in the program outlined above has been solved, i.e. an expression of the function P(x) in terms of a Fredholm determinant of an integral operator 8] has been constructed: (1.10)
The plan of this paper is as follows: in the following section we shall present the main results, namely the complete system of integro-di erence equations that drive the Fredholm determinant of the operator b V in the correlation function P(x) (1.5) . In Section 3 we will give the derivation of these results and in Section 4 the Riemann-Hilbert problem associated with the equations is studied.
We also want to mention that quantum correlation function were rst described by di erential (which is the lattice equivalent of the logarithmic derivative of det 1 + b V (x) ) and The additional restrictions necessary to solve the equations uniquely are provided by the requirements on analyticity and the asymptotic behaviour of the solutions of the corresponding linear system (Eqs. (3.20), (3.24)), i.e. by speci cation of the data in the corresponding Riemann-Hilbert problem (see Section 4).
Derivation
The plan of the Section is the following: (i) We shall introduce functions f (x) (zjs) as solutions of linear integral equation (3.9) . (ii) We shall prove that these funtions satisfy linear di erence equation (3.20) and linear di erential equation (3.24) . Compatibility of these two equations will lead to the system of nonlinear eqautions (2.6), (2.7). The unknown functions which enter these equations are de ned by (3.10) and by After performing a similarity transform which leaves the determinant unchanged the integral
where the integration is to be performed along the contour C : ! z = exp i where ? < < 2 + (see Fig. 1 In the following we shall drop the superscript indicating the x-dependence in equations where all quantities are to be taken with the same x. Note that V is symmetric and nonsingular at z 1 = z 2 . The resolvent b R of b V is de ned by
Its kernel R(z 1 jz 2 ) can be written in a form similar to Eq. In appendix A we show that this indeed equivalent to (2.1). Together with the identities derived in appendix B this also implies Eq. (2.2).
Next we shall derive the equations (2.6). We start from the de ning integral equation (3. We propose the operator M(z) as the \conjugation matrix" for an in nite dimensional RiemannHilbert problem for an integral operator-valued function (z):
1. (z) is analytic outside the contour C (Fig. 1 ). In terms of the corresponding kernels the properties 1{3 can be rewritten in the following way:
P1. (zjs; t) is an analytic function of z 6 2 C for all s; t. To conclude the analysis of the x-equation (4.6) , one has to show that the kernels B ab (s; t) from (4.10) are just the kernels introduced in the previous section. To this end, one has to consider the canonical integral representation for the solution of the problem 1{3 Let us now study the -derivative of the function (z). The corresponding analysis almost literally repeats the one performed in 11] for the Bose-gas case.
We notice (in nite dimensional analogue of the corresponding relation in 7] ) that in the neighbourhood of C the function (z) can be represented as Equations ( Next, using the explicit x-dependence (3.6) of e (x) and the shift equation 
